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ExPERIMENT, Tb DETE~MINE THE MIOmATION POTENTIAL
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lNT~WCTION

Latiching ●nd transport of radlonuchdeb by waler hm bean s primary mode of
radloscflva crxrlamlrmllon from bw-lavol radioactwe w~si~ dlspo~al facMes. Slml.
larl~,, I;,r Inf!lrnlion of water Inlo nonrsdioacllve Imzmdoun watle disposal facllltms

has rooullod In Ihe movamonl of contaminants OUI of them dlbpossl facllman
Al!hough that. hsva boon many laboralo~ cludms on wafsr movomonl and
conlammmm tlan~porl, thara II mnoad for moro Iaqs scale Md ezperlmbnlc Large
Cc-lo fmld ●xparlmenm We nocesm’y !5 [1) maasurb hydrauhc con?uchvltms on ●

scale ryplcal of ●clual shallow land burl-l fa~lllliok md hazardous wa-le disposal
faclhlms, (2) allow comparlaorw 10 be made befwmn full ocale ●nd Iabora!ory
measuremlnlt, 13) verify Ihe ●ppllcablhly of calculallonal melhods for defer mirupg
un~afuraled hydraullc COrlduClwlfmC from waler ralenllon cur’lea, @ndf4) for model
vnhdmlon Exporlmm!s that WIII provide fho Infornmfion to do Ihts are described m
lh19 papw

CA LCULA?IONAL MET;!OD~ POR UNSATURATED
HYORAULIC CONDUCTIVITIES

S,nce ;he I?ydraullc condudwlly. walef conlen! rclalionsnlp K(o) 1- comparal,t~ly

d, ff,c,ilf 10 compule, Ine possibilfy of PIOCIICIII!Qlha hydraullc conduclwlly from Ihe
malrlc pnlenlial.wata, col!errt relstlonshlp has baen wIdgl;I ●xplored Absale’ ) Ran
ezlmlned fhe~e pradlctlve melhoils ●-id ln@I’ apphcallon 10 crusl?od Bandahat luff
In flt~ae same ●porfs, Aboole hut @lso reporled the apphcahon Of Dovaral

la!ml-~o~y tocnntqucs for measu~mg th= urmaturaled hydraullc COIMIUCIIVIIY of
cruthufl Bandollar Tuff The r@.Llllg obla)ned for the calculaltonal Mclhodl Of
h“.11nglon.Ouwk’ and C~mpboll’ ●nd Iho ●nparlmontal melhodo of Rijfema’ ●nd
Gn~dn@r’ Ior calculating m maaw.wing Iha hydraulic conduclw!y of c~ushod Bal~.
clakrr luff ● - mmlma~irod m ‘lbl~ I For dalhdo tea ma raporfa by Aboele

Genordy good ●groomant la aesr bawraan tho moasurorl and pr.dwled values
for un~alurntad ftydfaulr, conducuvlfy w%n VI. malrlc po!enllal. walof contr~~t
ralalionshlp 10 known for ‘ho malorltl in quas!lo!lTha I. CUIIOOf lho •xp~rlman!
daKflbmJ Ir, NIIS paper WIII dafe!mlrw wltolher or nol vwso prodlclwe memods WIII
worh ● s w.11 for Iarga gcml~ ●:,perlmellfa whtch ●rs clrJ9Pr In Bcalo fo ●CWP1waato
dtgpt]b- IICIIIIICS TtIChP Iabrrra!(, ry fmsul!s ●lmo provido a ba~,c for rr!odml c@lciI-



TABLE !

COMPARISON OF ANALYTICAL EXPRE9UIONS FOR
UNSATURATED HYDRAULIC CON0UCTlV171E@

EXPERIMENTAL

R@ma

Gardner

K - 5,44 x 10 >@;*:’

2.46x10 ‘
K -————-

VliiV + 26,74

CALCULATIONAL (PREDICTIVE)

Mdlington.Oulrk K - 7,96 x 10”’8:””

Campbell K- 1,56 M 10 ~ fI: ’i’

0, - Fractional watar conteni by volume

v - Malric polenhal m kPa

K = Hydrauhc concluc!iwfv m m/s

Iallons Ihal sro uced 10 plan fho sxpertmanls The ?osulls turnmarizad m T@bl@I
prowda ● comps~mon cd Iha pradiclwo ard mossurlng ,cchnlquoa Irml hav@ been
●ulennlvoly ●pcdmd 10 on. well. chartclerued maferlal, cfushed Banclclmr Tu*

iN#TANTANEOUO P.hOFILR Mf.THOL)

In the IIOIC ●aperimsnls described In lhIE paper,ms unsaturated hvdrsullc
conductwlry WIII be maasurod by fha mslarllanoouf prohl. molriod doscrlbod D)
Wa!scm - The ●pol!ctl, on of Inlg mrnlhml nnd ltw calculallorml tocbniquts ● ro

dosc~ibed In furlhc~ Ilelml by Hall?’ ●’ld cowo,hvrs’ ●nd by HII141* The malrlc
polanhal of IIW SOI M moaturcd ● - ● funchor” of v me and rleplh m ● 0011profd. by
mohns of Ionmomtlars Smlullancoumly, IIw SOII ~raror conl~nt IS moa Iurml as Ih@
Iamo functmn of Wno mnd daplh m fha rotl prold? by moans of ● rmutron momturo
probs From Ihooa c’sla, th~ untahxwad hyd(~dl c conduchwly can hc cmlculalod ● t
* :unchon of waler conmnl

Tho procadurc rocommondod Bv HIIIoI’ wIII bo used In out ●mpcrlmmls
Tenntomniolw WII; bw placad m Iho toil prol I@●D:h 0 3R m Wnl~r WIII then M
pondod on llI@ ~urfaco UrIII, IM ●IIIIfO proftlf b~nmm ~aluralsd Tne BOIIburfact
Will lhe~ b~ COVa~O~ 10 pravonl ●,iy furlh~l *a*~r IIun inlo Ifw noii column flom
rnnfall or ouf of Ihc Column by ●vapor alm,l As m. column clralns the moasuro-
menlt of mnlric pnlor,t d ●nd waler ronlorl WII, b.q I mda



Those oxw. lmont~ will ba performed Imthe fmperlmont AMor In Ihc E~porlmon-
lal Engln~red lost Faclllty al tho LIM Alamos National Laboratory. TtIe flold loot
faclllty snd the ~parlmgnt Clugtort hovo recently baon doocrlbad by
DsPoorter.W,”-” A plan ●nd motion VIOWof ttm Experiment Cluster- Is Includti as
Fig 1, Tho SOIIcolumn to b. ua.d It 3 m In dmmemr mr,d6 m daop wilh ficco-s :.OIIC
●long the entlro ha$hl of Ifto proflh,

Th? ~,xperlmenlal conflgurchon and hwtrumcnl ●rllplacamenf Ic OhOwn In FIO 2.
iLIdI1101110tfw horizontal noul~on mol~turo prctbc I ccoss tubas, which ●xlond 1.5
,nlo ti SOII column, !tmro la ●loo ono vsrllcal nmi ‘m probe MCCOIOtube. Thooe

Iubea ●a ●luminum, wllh a 60,6 mm ouloida dlamrnor, Thu thormocouplos ma
copper-conmwdan ●nd have all bean cnllbial~cl mt the ice point ●nd at tha Bollwrg
polnf of water mt Loo Ahmos alovstlon, appronlmatoly 93”C. TfIo Iwq laroi
Wwrmocouptu !Mrnesoot Sre ●mplacad ICI delermlrw Iho Iompor?luro vmiallon
●cross me mollcolumn at two ●lovahonc Tha other fhormocouplas MO fo demrmme
the Iomperaluro as ● function of depth In Iho column. Tho Ihormocouple fmrnmbas
were tlm only Inslfumonto ●mplacod durlnti tho fllllng oporallon. All olhor mwru.
mcnlc ●e cmpl~cod mtlar lho units woro backfilled and compaclocl

EXPRWMENT EMPLACEMENT

For Ihase ●aperlmonls, two o! ths 3-m dmmator by 6.m doap cmnsono woro ~dlod
WIW, crushed BaFI,IPIIer Tuf! This reqwmd the pqm?aoon, delivery Ioadlng ?nd

compaclmg of ●ilproxlmaloly 60 m’ of nmmrml~. Bocmrse of Ihm large volurre, Ihe
perwrnnol and Brruipment of III. ZIS Compw?y ●t Los Alamos word used m lf’r! flllmg
prucodurc The !uH used can be dcs:rlbod geoIog Ic~Ily ■c ~ volcamc ●sh flrw

composed mcslly of SIIICICglass and hatms s grurr mr. dmlribu!lon L.OM 10 ltml 01
● MIy mnd

fruri ●nd Iondgrn ware uoad to mma m. luff, wfveh was Ih@n crurnhcd by Iunnlng
th~ ‘, 0?1 ●nd !oadm ovw II rspoatodly The crushed mmerml wns Irron Ionred mlo
trucks and haulad 10 the ZIa bmch comsnl pltn! wh.rc II was ●creond AlI ma!crml
IIml pas$ed through ● 1? 7 .nm ●cmen was Block pilad for mlimg .vlh walw Known
amoums of wa!or ware ●ddad 10 Iho crushed ●nd sc?oanod ma!?rlal m Iha Bstch
plant Tite ITIOII! tufl was Ih@n loaded Inlu cemenl trucks for del!vcry 10 If’ie
●npwlmonl

in Iha flllmg oroc~at with the fmrly crushed Bandollor luff, groal car? was lai~r
10 worh with Iurn Ihal vaI Ftomogonnoumlyrmnerl w!lh wnlw Iryng 10 approac~> F I!
maymg bm,t.. lha :,~llmum wslar eonlmll Thm opllmum wa!or Conlonl m Ih@
●mounf of mimng Waler for ● glvan tufl ●nd compichon procoss which WIII give a
nmnlmum o! dry ILJI’ n-ss per volume TIW luff web dynammally t.ur’nprntmd W.!I
‘“jumping )acbia “ 1 hs ●ctual omamod dry danbNy rnn~tt from 9 I 310 1014’. o!
w,lal 10Cormldmod or hmum dI y dbnw!y Ior crunhcd luff mcfmal!ng l~la! Vw w’?’tounl

—.
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08N- T.tl Nuctasr Meter. Results of Ihomo meamrremenls wIII bo dlscuscmd Iqler,
11)s eruohod luff wao Ioadsd into ●ach caisson In m m’nouIIl to glw a compacled
Iaycr of from 151020 cm, end then compacted as descrlb9d abow

(;ompechon was necessary 10 mlnimlze, If not ●hmlncle, future subBldencc #hlch
would be detrlmsntal 10 me knowledge of the Iosstion of the Irmtrumonts used to
nldte WN meem.rrementc necestsry for the Instantmvewrs profile melttod. Also,

●JbBldence mlghf cauee deformshon In the hodzonlal neutron rnomlure Drob9
lIJboS, Cornpecllon wlli dOCrOOM 1110salurbled nydrnuhc cofrducllvlty. but moro
Important, Incresse the uncalureled hydraulic conducllwty known to ●WSI ●1 W@
moisture contenl~ normally prevadlng m Ihe Bandeher Tuff, Hydraulic conducllwly
dec ●asea ohmply wllh increasing SOII momlure tanmon. Tlvs is musl ewdent in
melorlalo with coeroo poros end/or low packing ●nd Iocm so m materiels WWI ‘me
pores ●id/or high pecking 8ome’:@re Ihe two curvec will into’ a#cl, Ihe worot cow
IS If highly p~cked meterd IS Il:od ●t Ihe IOWmmsluro condll,onm that ●re normal m
the Berrdeller luff because higher unsetut )d conduclivllles WIII Ieke P%M ●tfttwr
pore -Ike distributions, provided Ihe degree of un~aturslion s hluh ●nough,

TO oblem the homogenedy ●nd high denwly rcqulred for tht ●xperimalts the wel
luff had to k compacted wllh mmimum mlorference from Wlplaceo Ir,slrulnenls
The oniu oncephons were the IWO lhermocou~le hernesses whtch were carefully
gmpla~d, covered Mh Cruched mf,, wIlh Csreful comcIMIIOn II the nO~l lay~r 10

prevenl demag.
Imrnodielely afler flllmq wss completed ●replacement of the horwonml neulrgr,

momlure prub~ sccem lubes was mlea The horllonlal lubes •~~ ●bou! 1 S m long
wllh ●n Wumlnum cap welded on lhO ●nd Thus, ● hole m the luf’ WM wcasamry In
which 10 place the tube The hoh was made by drwmQ ● alamless stool tube of th@
Oemo Olame!er wNh a snarponed ●nd mlo IIM cornpacmd maler,fl, uwno ● 45 kg
aledg~ hammer Tha hole wmt drwen In nLoul 100 mm mcremanlt ~nd ftm lube
removed and ●mptiad The ‘.~bes were m-., nlaln~a !VOrmfllm’ 10 wllllln on- dogre@
In the po~llons of the ●xpe~lmolt whole lr,e Iurf was lhJ wsllesl ●replacement ‘VSS
pracl,a!ly lmpog~,ble by !hls method whereas in Iht drier maw~,al Ir,, s melhoo
WOrh Cd QUII* well

TIIII Ianhomotert WIII De ●mplacecl by SIjoer,ng hcIler ●nd Ihon m~emn~ lne



APPLICATION OF RtsfJLT@ TO SHAL LOW LANf3 E’JRIAL OF
LOW LEVEL mAIOACTIVE WAOTCO OR HAZARDOUS CHRMICAL WA91RS

The rem.rlt~ of lhoee uxporlrnents will hsve ●ppllcetlw’m for both tho shallow lend
burial of low level redloacfwg wnw@s ●nd the dlcpo6el of hazardous chemwtl

wmles. Theee axperlments wIII prmlde rasulls that c~n be used in model verl-
ficsllon for symem performance, This type of dale on ●xperiments done D1this 90010
hove not bson ●mlleble, and ●re necessary for velld~ting unsetureled trantporf
models ●nd other models used to prod,al lan~ term system porformence.

Even though Wmoc●xperiments ●re done on: ‘uohed Bendelier Tutf, most MtiOIS
uee phyOlcal propeni.s of Ihe beckfdl meleriel such ●s ~encity, porowly. ●nd wrnler
retmnion curves For this roaoon, once ~hg models ●ro vahdmled in these ●xpen.
merrte, they can he ●pplled wllh conl)den- to olher innfenels ●s long RCthe Malorml
f.rroperlies are well cmrecterized. Ir rnddlllon, from hnown weler movemenl relet.

calculable from the results of these e4perlmenta. recluiremonts for other pans of the
-ys!~m such to Ilnem, waler diveftio~ sy~iefrl~, and ~ymtem cap r@qutrements con

be delermmed
Lmfly, Ihe resul!c of theee ●hper[menfs ●nd fhw uxo m madol vertflcatton WIII

provide ● @our,d Klentlflc besl~ on WhICt7 !0 beSO dOC, SIOW on BySIOt’I’I rOqiJlr9mOn~S

end syntom aomgn.
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